Pulse pressure has been recognized as a marker of cardiovascular disease in normotensives. Moreover, internal carotid artery intima-media thickness (IMT) has been proposed to reflect coronary artery lesions.
Introduction
Pulse pressure has been recognized as a marker of cardiovascular disease in normotensives, as it has been independently correlated with coronary artery lesions, thickening of the intima-media wall of the internal carotid artery and increase in left ventricle mass in normotensives (1) . Moreover, carotid artery intima-media thickness (IMT) has been proposed to reflect the severity of coronary artery lesions (2, 3) . However, other parameters from ambulatory blood pressure monitoring (ABPM), myocardial ultrasound and carotid ultrasound have not been evaluated in terms of their ability to predict the location and the severity of coronary artery disease in normotensives.
Much effort has been concentrated on the diagnosis of coronary artery disease by noninvasive methods. The efficacy of 16-and 64-multislice spiral computed tomography (MSCT) for such diagnosis has been extensively evaluated. The available results show that MSCT is acceptable as a first-step assessment in suspected coronary artery disease (4, 5) .
In the present study we constructed mathematical models that use data from three different noninvasive methods, ABPM, myocardial ultrasound and carotid ultrasound, in order to estimate the location and the severity of stenotic lesions in the left coronary artery stem (LM), left anterior descending ramus (LAD), left circumflex artery (LCX), diagonal artery (D1) and right coronary artery (RCA) as well as to estimate the Gensini score (AD) in normotensive patients with suspected coronary disease.
Methods
One hundred and thirteen consecutive patients (90 men and 23 women) with normal blood pressure (systolic blood pressure [SBP] < 130 mmHg and diastolic blood pressure [DBP] < 80 mmHg) (6) , who were hospitalized for suspected coronary artery disease, were included in the study. One hundred and seven of these patients had already undergone 24-h ABPM and 88 had already undergone carotid and myocardial ultrasound on an outpatient basis on the same day, 3-7 days prior to coronary angiography. Age, body surface area (BSA), blood biochemistry, Sokolow index and cardiothoracic index were recorded for each patient at admission.
Inclusion criteria were a history of normal blood pressure, a normal 24-h ABPM, symptoms indicative of angina pectoris, and a positive exercise stress test. Exclusion criteria were a previous myocardial infarction history and the need for nitrates, β-blockers, Ca-antagonists or other antihypertensive regimens due to instability. All patients received aspirin 100 mg daily and statins if their low-density liporotein (LDL) cholesterol was greater than 100 mg/dL. Rx, chest X-ray; CI, confidence interval; BSA, body surface area; BMI, body mass index; Lp(a), lipoprotein(a); Apo, apolipoprotein; LM, left cornary artery stem; LAD, left anterior descending ramus; D1, diagonal artery; LCX, left circumflex artery; RCA, right coronary artery.
All patients offered their informed consent to participate in the study. The study was approved by the University of Athens and conformed to all ethical issues included in the Helsinki declaration.
Coronary artery disease was established by coronary angiography, and luminal narrowing in LM, LAD, D1, LCX and RCA were recorded. The severity of coronary lesions was evaluated by the Gensini score (AD), which depends on the degree of luminal narrowing and the geographic importance of each stenosis (7) . The Gensini scoring system incorporates data on the geometrically increasing severity of lesions, the cumulative effects of multiple obstructions, the significance of their locations, the modifying influence of the collaterals, the size and quality of the distal vessels and the status of the myocardial function (8) . The Gensini score is commonly used for assessing coronary artery disease severity (9) .
For ABPM, patients were instructed to act and work as normal between 6:00 AM and 10:00 PM and rest or sleep between 10:00 PM and 6:00 AM. They had not received any antihypertensive drug treatment at any time. They had not been given any other type of drug that might affect their blood pressure level for at least 2 weeks before entering the study. The Spacelabs 90209 ambulatory blood pressure monitor (Spacelabs Inc., Redmond, USA) was used. Readings were obtained automatically at 15-min intervals throughout a 24-h study period. All patients evaluated had at least three valid readings per hour. As a result, 80 to 96 pairs of SBP and DBP readings per recording were collected. Separate averages were obtained for the 24-h, daytime (6:00 AM-10:00 PM) and nighttime (10:00 PM-6:00 AM) values. The accuracy of the automatic blood pressure readings was checked against manual readings taken using a standard mercury sphygmomanometer, twice for each ABPM. Blood pressure was measured with the patient sitting, before the beginning of the ABPM, and after a 5-min rest period. Three readings were obtained and averaged. The accuracy test was repeated after the end of each 24-h ABPM. Patients with a more than 5 mmHg difference in SBP between the manual and automatic reading were to be excluded from further analysis, but there were no such patients in this study. All patients were examined in the supine position with the head slightly elevated. The scans were performed with a high resolution ultrasound Doppler system (Acuson 128 XP; Acuson, Mountain View, USA) using a 7-MHz linear transducer. Both carotid arteries were scanned longitudinally to visualize the IMT in the far wall of the artery. The best images of the far wall that could be obtained were used to determine the IMT values of the common carotid and internal carotid arteries.
Measurements were made on frozen images, magnified to standard size, on-line. The IMT of the common carotid artery (MCCA) was defined as the mean of the IMT of the right (RCCA) and left common carotid artery (LCCA), calculated from 10 measurements on each side, taken within 10 mm proximal to the carotid bifurcation. The lumen/intima leading edge (I line) to media/adventitia leading edge (M line) method was used, which has been previously anatomically validated (10, 11) . The proximal 1.0 cm of the internal carotid artery was used for the calculation of the IMT (MICA), again as the mean of the right (RICA) and left internal carotid artery (LICA).
All echocardiograms were obtained by a skilled sonographer using a Sigma-1C echocardiograph (Kontron Instruments Inc., Everett, USA) and a 3.5-MHz transducer. Twodimensional guided M-mode echocardiograms at the level of the chordae tendineae were recorded. Numbers were randomly assigned to all echocardiograms, blinding all patient identification and time sequences. Each echocardiogram was read by two expert echocardiographers. Four to six cycles of septal and posterior wall thickness and left ventricular (LV) internal diastolic and systolic dimensions were measured by each reader, using the guidelines of the American Society of Echocardiography. The American Society of Echocardiography convention marks diastole as the onset of the QRS complex and measures wall thickness and chamber dimensions from leading edge to leading edge. The average of mean measurements provided by the two investigators for each echocardiogram were used in all calculations (12) .
Left ventricular mass (LVmass) was calculated using the following equation, based on necropsy validation studies tole, LVDd is LV internal dimension at end-diastole, PWDd is posterior wall thickness at the end-diastole, and BSA is the body surface area.
All data were analyzed using SPSS for Windows 9.5 (SPSS Inc. Chicago, USA). Standard descriptive statistics, simple correlation analyses and multivariate linear regression analyses (stepwise entry technique) were performed where appropriate. The level of statistical significance was set to p< 0.05. All mean values are accompanied by their 95% confidence intervals.
Results
Data concerning baseline patient characteristics are presented in Table 1 . Specifically, age, anthropometric indices, basic biochemistry, Sokolow index, cardiothoracic index (CT index), and the percent luminal narrowing of LM, LAD, LCX, RCA, D1 and AD are included (14, 15) .
Ambulatory blood pressure variables (24-h, daytime and nighttime) are presented in Table 2 , and data derived from myocardial and carotid ultrasound are presented in Table 3 .
All data included in Tables 2 and 3 were used for multivariate linear regression analyses (stepwise method) against luminal narrowing of LM, LAD, LCX, RCA, D1, and AD (expressed as a percentage of luminal narrowing).
The results of the multiple regression analysis of ABPM parameters against stenotic lesions (expressed as a percentage of luminal narrowing) in LM, LAD, LCX, RCA, D1 and AD are shown in Table 4 . Similarly, results from the analysis of the myocardial and carotid ultrasound parameters are presented in Table 5 .
Discussion
In the present study, we constructed mathematical models that use data from noninvasive techniques to evaluate the possibility of coronary disease in normotensive patients. In our study, we used three different noninvasive models, ABPM, myocardial ultrasound and carotid ultrasound in order to mathematically assess the possibility of stenotic lesions in LM, LAD, LCX, RCA and D1 (expressed as a percentage of luminal narrowing) as well as to estimate AD. This procedure involved the use of all raw data from ABPM, myocardial ultrasound and coronary ultrasound of the study patients as independent variables in multiple regression analysis against the data obtained from coronary angiography of the same patients as dependent variables. Thus, several parameters from both ABPM as well as myocardial and carotid ultrasound parameters were independently correlated with the location and the severity of coronary artery disease as expressed by the Gensini score. This implies that these parameters would be very potent as independent predictors of coronary artery disease, in cases where invasive methods, such as coronary angiography, cannot be performed.
Our results underscore the clinical significance of several ABPM parameters in the assessment of coronary artery disease in normotensive patients. The Gensini score has been found to be independently correlated with male gender as well as average pulse pressure and average heart rate for both 24- dence is supported by the fact that increased ESV_TEIC has been correlated with heart failure (16), and both increased PWS and IVSD have been correlated with diastolic dysfunction of the left ventricle, all of which might have a common denominator, i.e., carotid artery disease (17) .
The possible efficacy of carotid ultrasound for the assessment of coronary artery disease is reflected in the suggested independent correlations of Gensini score with mean internal carotid artery IMT (positive) and right common carotid artery (negative), as described in the equation This finding suggests that lesions in the left carotid arteries (both common and internal) might be better correlated with coronary artery disease than lesions in the right carotid arteries. Again, the influence of male gender is detrimental. It is of great interest that similar formulas have been drawn for the LM, LAD, LCX, RCA and D1, thus linking the topography of the suspected coronary stenotic lesions with data derived from the above mentioned noninvasive methods and providing a more detailed tool.
Much effort has been concentrated on the diagnosis of coronary artery disease by noninvasive methods. The efficacy of 16-and 64-MSCT for such diagnosis has been extensively evaluated. A recent study comparing 16-MSCT with coronary angiography in patients suspected of having coronary artery disease suggests that the method has 81% accuracy, 99% specificity and 96% sensitivity. Nevertheless, despite its documented value and its promising future, the usefulness of MSCT has certain limitations, mainly due to artifacts from calcium, as well as the small size of the most distal coronary branches (4) . These limitations are underscored by the findings of a very recent study concerning the application of MSCT for the evaluation of stent patency after left main coronary artery stenting: the positive predictive value of the method was found to be only 67%, as 5 of 15 patients were erroneously misclassified as having in-stent restenosis (5) . In a very recent study, MSCT was proposed to be more effective than MRI in detecting lesions in large coronary arteries (18) .
As far as ultrasound in large arteries is concerned, a potent correlation between carotid artery IMT and coronary artery disease was proposed some time ago (19) . In a clinical study evaluating acute chest pain, the combination of stenotic lesions in carotid arteries (> 50%) and low ejection fraction was demonstrated to effectively predict coronary artery disease (16) . Increased IMT of the internal and common carotid artery has also been shown to predict coronary artery stenotic lesions (3) . A recent study indicates that the IMT score, a scoring system derived from data of the internal carotid artery, common carotid artery, carotid bifurcation and femoral artery, is much better correlated with the extent of coronary atherosclerosis than with individual IMT. This approach also has a documented predictive value as based on multiple regression analysis and is in keeping with our own results concerning carotid ultrasound (20) . The above results are supported by a recently reformed autopsy study, in which internal and common carotid IMT measurements were demonstrated to be good predictors of coronary artery disease, but not of collateral circulation (21) . Concerning ABPM, it has been demonstrated that increased pulse pressure in normotensive patients, attributed to reduced arterial compliance, is a good predictor of cardiovascular disease, as it has been documented to have independent correlation with coronary artery disease as expressed by the Gensini score. Nevertheless, this study failed to demonstrate a statistically significant independent correlation of other ABPM parameters with the Gensini score (1). Additionally, pulse pressure has been shown to correlate with atherosclerosis in the large Rotterdam Study (22) . This phenomenon has been clearly shown to have clinical implications for the long-term treatment of stroke patients (23) , and might have even greater implications for the elderly (24) .
The mathematical formulas proposed in the present study are believed to be of value in the clinical treatment of normotensive patients with suspected coronary disease. Because there may be important limitations to this model, especially in regard to the estimated location of lesions, a clinical assessment using an ROC analysis, compared with the gold standard technique of classical coronary angiography, would be very helpful in further testing its predictive value. Nevertheless, a high estimated value for the Gensini score, along with the presumed topography, could suggest the need for invasive methods of assessment of carotid artery disease in patients who show atypical symptoms or are unwilling to undergo coronary angiography.
